Introduction {#s1}
============

Prostate cancer is the second most frequently diagnosed cancer in males in the world, with especially high incidences in Oceania, Europe and North America^[@r1],[@r2]^. Recently, the occurrence of prostate cancer has been increasing in Japan^[@r3]^. Androgen ablation therapy is a widely used treatment during the initial stage of the disease that may produce an initially favorable outcome, but many patients eventually develop castration-resistant prostate cancer (CRPC) with metastatic foci, which cause patient death^[@r2]^. Therefore, understanding of the mechanisms of the acquisition of metastatic potential and the castration-resistant phenotype of cancer cells is urgently required.

Previously, we developed a CRPC model with a 3,2'-dimethyl-4-aminobiphenyl plus testosterone treatment in F344 rats^[@r4]^. Cancer in this model features scirrhous growth with abundant collagenous tissue and inflammatory infiltration. To facilitate molecular analyses, we established cancer cell lines, PLS10, PLS20 and PLS30, from this CRPC model^[@r5]^. All of these cell lines formed tumor masses and lung metastases in nude mice when implanted subcutaneously. Moreover, androgen receptor (AR) expression in the 3 cell lines was found to be downregulated due to hypermethylation in the AR promoter region^[@r6]^, so they can be utilized to determine the mechanisms of progression and/or development of new drugs for prostate cancer *in vitro*, and *in vivo* with nude mice^[@r7],[@r8]^. In the present study, we investigated establishment of a syngeneic orthotopic prostate cancer model using PLS10, PLS20 or PLS30 cells in immunocompetent rats to create feasible conditions for anticancer drug development in a species-matched tumor microenvironment. To further investigate the differences of cell lines, we employed SSCP-PCR for detection of gene mutations in K-ras, p53 and a tumor suppressor gene for prostate cancer, KLF6^[@r9]^.

Materials and Methods {#s2}
=====================

Cell culture
------------

The PLS10, PLS20 and PLS30 cell lines were cultured in Roswell Park Memorial Institute-1640 Medium (RPMI 1640, Gibco, Carlsbad, CA, USA) with 10% fetal bovine serum (FBS), 50 U/ml penicillin and 50 µg/ml streptomycin in a humidified incubator with an atmosphere comprising 95% air and 5% CO~2~ at 37°C.

Animals
-------

All animal experiments were performed under protocols approved by the Institutional Animal Care and Use Committee of Nagoya City University Graduate School of Medical Sciences. Five-week-old male F344 rats were purchased from Charles River Laboratories Japan Inc. (Atsugi, Japan) and housed in plastic cages with hardwood chip bedding in an air-conditioned room at 23 ± 2°C and 55 ± 5% humidity with a 12 hr light/dark cycle. Oriental MF powder diet (Oriental Yeast Co., Ltd., Tokyo, Japan) and distilled water were available *ad libitum*.

Orthotopic xenograft model with prostate cancer cell lines
----------------------------------------------------------

After one week of acclimation, rats were divided into 3 groups of 12 or 13 animals each. PLS10, PLS20 or PLS30 cells (5 × 10^6^) were mixed with 50% Matrigel (BD Biosciences) and injected (50 µL) into the ventral prostate of each rat. At sacrifice at experimental weeks 4 and 8, the liver, lung, kidneys and lymph nodes and primary tumors in the prostate were removed and fixed in 10% buffered formalin. At least 1 section of each tissue and the largest section from each lobe of the lung were processed for hematoxylin and eosin (H&E) staining. To determine variation in tumorigenesis with inoculated cell number, PLS10 (2 or 5 × 10^6^) cells were injected into the ventral prostate. Rats were sacrificed at experimental week 8, and then primary tumors in the prostate and the same organs as mentioned above were removed and fixed in 10% buffered formalin. Primary tumors were measured and tumor volume was calculated using the following formula: tumor volume = (width)^[@r2]^ x length/2.

PCR-SSCP analysis of K-ras, p53 and KLF6
----------------------------------------

Exons 1 and 2 of K-ras, exons 2 to 10 of p53, and exons 1 to 4 of KLF6 were analyzed by the PCR-SSCP method as previously reported^[@r10],[@r11]^. The primers are listed in [Table 1](#tbl_001){ref-type="table"}Table 1.The Sequences of the Primers Used for PCR-SSCP analysis and Direct Sequencing. If shifted bands were observed in the PCR-SSCP analysis, they were cut from the acrylamide gel to be sequenced (ABI PRISM® 310 Genetic Analyzer; Life Technologies Corporation, Carlsbad, CA, USA).

Statistical analysis
--------------------

Statistical analyses were performed with mean ± SD values using one-way ANOVA, Bonferroni correction or the Dunnett's test. Statistical significance was concluded at P\< 0.05, P\<0.01 or P\<0.001.

Results {#s3}
=======

Four and eight weeks after inoculation, tumor masses were found in the ventral prostate in nearly all rats with PLS10 ([Figs. 1](#fig_001){ref-type="fig"}A, BFig. 1.Macroscopic findings for PLS10 tumors in the ventral prostate of F344 rats at week 8. A large tumor mass is present in the ventral lobe (arrow) (A). Low magnification view of a prostate tumor formed in the ventral lobe at experimental week 4 (B). Tumors consisted of well differentiated (C), moderately differentiated (D) and poorly differentiated (E) components, infiltrating perineural areas (F), invading vascular (G) and lymph vessels (H), and metastasizing to lymph nodes (I) and lungs (J) at experimental week 8.), but not in those with PLS20 or PLS30 ([Table 2](#tbl_002){ref-type="table"}Table 2.Tumoigenesity and Metastatic Potential of Rat Prostate Cancer Cell Lines in F344 Rats). The average primary tumor sizes in the PLS10-inoculated rats were 343 ± 247 and 2114 ± 391 mm^3^ at 4 and 8 weeks, respectively. At 8 weeks, because of tumor extension around prostate lobes, stricture of the urethra was detected with bladder distension in some PLS10-inoculated rats. On histological assessment, adenocarcinoma elements were found to have spread from the ventral prostate area to the surroundings, with various levels of differentiation ([Figs. 1](#fig_001){ref-type="fig"}C--E), and to have invaded perineural spaces, and vascular and lymph vessels ([Figs. 1](#fig_001){ref-type="fig"}F--H) in the PLS10-inoculated rats. Additionally, there were some metastatic carcinomas in lymph nodes and lungs ([Figs. 1](#fig_001){ref-type="fig"}I, J). Two of 6 rats had lymph node metastasis at week 4, and metastases to lymph nodes and lungs were found in 5 and 3 rats among 6 tumor-bearing animals, respectively ([Table 2](#tbl_002){ref-type="table"}).

In the next experiment, we investigated the effects of different numbers of PLS10 cells. However there were no or very limited differences in tumorigenicity, tumor volume or metastasis to lymph nodes and lungs after 8 weeks ([Table 3](#tbl_003){ref-type="table"}Table 3.Tumoigenesity and Metastatic Potential in Different Cell Number of PLS10 at 8 Weeks).

Aberrant localization of bands was detected in PLS10 in exon 1 of the K-ras gene and PLS20 in exon 2 of the K-ras gene ([Fig. 2A](#fig_002){ref-type="fig"}Fig. 2.K-ras gene mutations in cell lines. Aberrant localization of bands was detected in PLS10 at exon 1 and PLS20 at exon 2 of the K-ras gene by SSCP-PCR (A). Mutations of codon 13 (GGC, Gly to CGC, Arg) in PLS10 (B) and codon 61 (CAA, Gln to CTT, Leu) in PLS20 (C) were detected by sequencing.). After sequencing, mutations of codons 13 (GGC, Gly to CGC, Arg) and 61 (CAA, Gln to CTT, Leu) were detected in PLS10 and PLS20, respectively ([Fig. 2B and 2C](#fig_002){ref-type="fig"}). There were no mutations of p53 and KLF6 in any of the cell lines (data not shown). Along with findings of a previous report^[@r5]^, we summarized characteristics of the prostate cancer cell lines, PLS10, PLS20 and PLS30 in [Table 4](#tbl_004){ref-type="table"}Table 4.Summary of Characteristics in Rat Prostate Cancer Cell Lines.

Discussion {#s4}
==========

Treatment with docetaxel has been a standard therapy for CRPC over the last decade, and novel therapeutic options including immunotherapy have recently been developed, however, the prognosis of CRPC is still poor^[@r12],[@r13]^. Therefore, development of new drugs and therapies is absolutely imperative. To date, various immunotherapeutic options for prostate cancer have been developed against cancer-associated antigens such as prostate specific antigen (PSA), prostatic acid phosphatase (PAP), prostate-specific membrane antigen (PSMA), prostate stem cell antigen (PSCA) or cancer/testis antigens^[@r14]^. Among them, the US Food and Drug Administration (FDA) approved sipuleucel-T as an immunotherapy for metastatic CRPC to improve overall survival. It is an autologous vaccine using peripheral blood mononuclear cells activated by co-culture with PAP-granulocyte-macrophage colony stimulating factor (GM-CSF) recombinant fusion protein ex vivo.

For development of drugs and therapeutic approaches, it is also important to develop methods for verification of efficacy. Animal experiments are essential and critical for validation of anti-cancer drugs in preclinical evaluation for bridging the gap between in vitro research data and clinical trials in humans. Several animal models of prostate cancer have been established, including chemical induction of prostate cancer in rodents, implantation of human and rodent tumor cell lines into immunologically compromised animals such as nude mice, and implantation of syngeneic cancers^[@r15],[@r16]^. Many kinds of genetically-engineered mouse model have also been developed in the past 2 decades^[@r17]^. However, replication of data from animal studies often fail in clinical trials^[@r18]^. To resolve this concern, we should keep in mind that we should carefully choose the animal model most suitable for analysis of stage-specific effects of therapeutic agents. Therefore it is necessary to establish various kinds of experimental systems. We have focused on a series of animal models for various prostate cancer phenotypes: noninvasive and castration-sensitive cancer^[@r19],[@r20],[@r21]^, invasive and castration-sensitive cancer^[@r22]^, invasive and castration-resistant cancer^[@r4]^ and metastatic and castration-resistant cancer^[@r23]^ models. In the present study, we developed a syngeneic orthotopic implantation model with metastases in a short period using a prostate cancer cell line, PLS10, in immunocompetent rats.

Accumulating evidence has demonstrated that stromal-epithelial interactions play critical roles in cancer progression^[@r24],[@r25]^. Invasive and androgen-independent carcinomas induced by DMAB and TP within 60 weeks, simulating CRPC in men, is the most appropriate model in the context of tumor microenvironment. However, it has shortcomings in terms of the experimental period necessary for screening a number of drugs. Metastatic and androgen-independent cancer models using nude mice also simulate metastatic CRPC but with a shorter experimental term; however the use of such immunodeficient animals is imperfect in terms of species mismatch between tumor cells and the surrounding stroma and serious defects in immune systems. Considering these points, the syngeneic orthotopic implantation prostate cancer model presented here should prove valuable for analysis of anticancer drug efficacy with a tumor microenvironment resembling the human situation.

The three prostate cancer cell lines derived from rat invasive prostatic carcinoma established in our laboratory have all shown tumorigenicity in nude mice with lung metastases^[@r5]^. In the present study, only PLS10 proved tumorigenic in immunocompetent conspecific animals. The results suggest that PLS10 but not PLS20 or PLS30 can escape immune attack from the host. Elucidation of the mechanisms should enable us to discover novel immune recognition targets for killing prostate cancer cells. In the present and previous studies, we detected differences among cell lines (summarized in [Table 4](#tbl_004){ref-type="table"}), but we have not obtained adequate data about the mechanism of immune escape as yet. More detailed studies are needed for determination of the differences between the PLS10 and PLS20/30 cell lines.

In conclusion, we have established syngeneic orthotopic model of prostate cancer in immunocompetent rats. From an immunological viewpoint, this model will be of practical use for development, screening and validation of therapeutic agents, especially in immunotherapy of metastatic prostate cancer.
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